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Clinical progression over time and cytokine profiles have not been well defined in patients 
with Middle East respiratory syndrome coronavirus (MERS-CoV) infection. We included 17 
patients with laboratory-confirmed MERS-CoV during the 2015 outbreak in Korea. Clinical 
and laboratory parameters were collected prospectively. Serum cytokine and chemokine 
levels in serial serum samples were measured using enzyme-linked immunosorbent assay. 
All patients presented with fever. The median time to defervescence was 18 days. Nine 
patients required oxygen supplementation and classified into severe group. In the severe 
group, chest infiltrates suddenly began to worsen around day 7 of illness, and dyspnea 
developed at the end of the first week and became apparent in the second week. Median 
time from symptom onset to oxygen supplementation was 8 days. The severe group had 
higher neutrophil counts during week 1 than the mild group (4,500 vs. 2,200/uL, 

P= 0.026). In the second week of illness, the severe group had higher serum levels of IL-6 
(54 vs. 4 pg/mL, P = 0.006) and CXCL-10 (2,642 vs. 382 pg/mL, P< 0.001). IFN-o 
response was not observed in mild cases. Our data shows that clinical condition may 
suddenly deteriorate around 7 days of illness and the serum levels of IL-6 and CXCL-10 was 
significantly elevated in MERS-CoV patients who developed severe diseases. 
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INTRODUCTION 


Middle East Respiratory Syndrome coronavirus (MERS-CoV) 
infection is a highly lethal respiratory disease that has recently 
emerged in the Middle East region. It was first reported in a pa- 
tient who died of progressive pneumonia and renal failure in a 
hospital in Jeddah, Saudi Arabia in June 2012 (1). As of April 14, 
2016, there have been 1,714 laboratory confirmed cases of hu- 
man infection with MERS-Cov\, including at least 618 deaths (2). 

In a recent outbreak in Korea, an infected business man re- 
turning from the Middle East had introduced MERS-CoV into 
the country (3). The outbreak was amplified by superspreading 
events in hospitals and resulted in 186 laboratory-confirmed 
cases with 38 fatalities, the largest outbreak outside the Arabian 
Peninsula (4,5). Factors contributing to the large hospital out- 
breaks included delay in diagnosis of the index case, overcrowd- 
ing in emergency departments, movements of patients prior to 
diagnoses, and suboptimal infection prevention and control (6). 
During the outbreak, almost 17,000 individuals with an epide- 
miologic risk were quarantined for monitoring, and all the lab- 
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oratory-confirmed cases were admitted to the hospitals for iso- 
lation as soon as the diagnoses were made. Consequently, the 
Korean outbreak provided a unique opportunity to conduct pro- 
spective studies on MERS-CoV infection. 

In human infection with highly virulent respiratory viruses, 
such as avian influenza H5N1, H7N9, and Severe Acute Respi- 
ratory Syndrome (SARS) coronavirus, immunopathogenesis 
caused by hyper-induction of proinflammatory cytokines (also 
known as hypercytokinemia or cytokine storm) may play an 
important role in the disease progression and the ultimate mor- 
tality (7-9). To better understand immunopathogenesis of MERS- 
CoV infection, we assessed host immune responses to and viral 
kinetics of MERS-CoV infection. We recently reported the viral 
shedding kinetics (10) and antibody response kinetics (11). How- 
ever, the innate immune response to MERS-CoV infection and 
the role of most cytokines in disease severity remains unclear. 
Here, we report detailed clinical course and cytokine profiles in 
patients with MERS-CoV infection. We also evaluated the asso- 
ciation between the cytokine profiles and severity of illness. 
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MATERIALS AND METHODS 


Patient population 

During the outbreak of MERS-CoV in Korea, all laboratory-con- 
firmed cases were admitted to the government-designated hos- 
pitals regardless of their severity of illness. They were discharged 
from the hospitals when two consecutive daily real-time reverse 
transcription (rRT)-PCR were all negative after 48 hours of the 
resolution of all clinical symptoms. The laboratory diagnosis 
was made by WHO guideline (12). We included all patients ad- 
mitted to three Seoul National University (SNU) affiliated hos- 
pitals (SNU Hospital, SNU Bundang Hospital, and SNU Bora- 
mae Medical Center). We excluded those patients who were 
admitted 14 days after symptom onset. These patients were the 
same as those of our studies reported previously (10,11). 


Data collection 

Board certified infectious disease specialists in each hospital 
prospectively documented clinical symptoms, physical exami- 
nations, and laboratory values using standardized case record- 
ing form. For the patients who were transferred from other hos- 
pitals, the medical records and chest radiographs of the patients 
at the hospital were also reviewed. Serum samples were collect- 


Table 1. Demographic and clinical profiles of the study participants 


ed at serial interval and stored at -70°C. 

The patients were categorized into severe or mild group de- 
pending upon oxygen supplementation requirements. The se- 
vere group required oxygen supplementation to maintain arte- 
rial saturation above 90%. 


Cytokine assay 

Cytokines levels in serum were assessed by enzyme-linked im- 
munosorbent assay (ELISA) using VeriKine ELISA kits (PBL As- 
say Science, Piscataway, NJ, USA) for interferon o (IFN-a) and 
interferon B (IFN-B), and Human Duoset kits (R&D Systems, 
Minneapolis, MN, USA) for interferon y (IFN-y), interleukin la 
(IL-1a), interleukin 6 (IL-6), interleukin 10 (IL-10), interleukin 
12p70 (IL-12p70), interleukin 12/interleukin 23p40 (IL-12/IL- 
23p40), interleukin 17 (IL-17), C-X-C motif chemokine 10 (CXCL- 
10), tumor necrosis factor « (TNF-a), transforming growth fac- 
tor B3 (TGF-B3). The assay ranges of each ELISA kit are shown 
in Supplementary Table 1. 


Statistical analysis 

Mann-Whitney U test was used to analyze the difference be- 
tween two groups and the Spearman’s rank correlation was 
used to determine the correlation between variables. Statistical 


Patient ID Sex/Age, Underlying disease Incubation CR Oxygen Mechanical Steroid Antiviral therapy oleae 
yr (Pre-existing infection) period infiltrates therapy ventilator (Duration) (Duration) 
A M/38 2 days Yes (D6-) Yes Yes Yes (D14-D39) IFN (D5, D10, D17) + Transfer (D61) 
RBV (D5, D10-D20) 
B M/65 9 days Yes* (D11-) Yes Yes Yes (D14-D20) IFN (011, D18) + RBV (D11) Died (D142) 
+ LPV/r (011-D20) 
C M/55 11 days Yes* (D5-) Yes Yes No IFN (D6, D13) + RBV Discharge (D26 
(D6-D14) + LPV/r (D6-D16) 
D M/35 (Bacterial 6 days Yes (D5-) Yes Yes Yes (D11-D23) IFN (D10, D17) + RBV Discharge (D33 
pneumonia) (D10-D23) 
E F/79 CHD, Dementia, CKD, 12 days Yes* (D2-) Yes Yest Yes (011-D17) — IFN (D12) + RBV (D12-D13) Died (D17 
Bladder cancer + LPV/r (012-D13) 
E M/55 DM, CPD, 5 days Yes* (D1-) Yes No Yes (D14-D16) No Discharge (D31 
(Lung abscess) 
G M/56 6 days Yes* (D4-) Yes 0 No IFN (D8, D15) + RBV Discharge (D40 
(D8-D14) + LPV/r (D8-D17) 
H M/71 DM, CVA (Aspiration 6 days Yes* (D2-) Yes No No No Discharge (D38) 
pneumonia) 
| F/77 DM, Asthma 7 days Yes* (D11-) Yes 0 No No Discharge (D18 
J M/76 DM, CHD 10 days Yes* (D6-) No No No No Discharge (D28) 
K M/59 CHD 2 days Yes* (D9- No ) No IFN (D9) + RBV (D9-D13) Discharge (D19) 
L F/56 4 days Yes* (D12-) No No No No Discharge (D21 
M M/56 DM, CHD, CLD 7 days Yes* (D3- No 0 No No Discharge (D16 
(Tuberculosis) 
N F/54 7 days Yes* (D3-) No No No No Discharge (D21 
0 M/46 9 days Yes (D9- No 0 No No Discharge (D12 
P M/35 11 days No No No No IFN (D4) + RBV (D4) Discharge (D14 
Q M/52 DM (Liver abscess) 14 days Yes* (D2- No lo No IFN (D2, D8) + RBV (D2) Discharge (D21 
+ LPV/r (D2-D11) 
CXR = chest X-ray, CHF = chronic heart disease, CKD = chronic kidney disease, DM = diabetes mellitus, CPD = chronic pulmonary disease, CVA = cerebrovascular accident, 
CLD = chronic liver disease, IFN = pegylated interferon alpha-2a, RBV = ribavirin, LPV/r = ritonavir boosted lopinavir. 


*The first chest radiography showed infiltrates; ‘This patient refused intubation. 
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analyses were performed with IBM SPSS Statistics software 22.0 Ethics statement 

(SPSS Inc., Chicago, IL, USA). All significance tests were two- _ The institutional review board at Seoul National University Hos- 

sided. pital reviewed the study protocol and provided study approval. 
The board waived the requirement for written consent (IRB re- 
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Fig. 1. Changes of body temperature and laboratory parameters over time after symptom onset in the patients with MERS-CoV infection. Shown are body temperature (A), neu- 
trophil count (B), lymphocyte count (C), platelet count (D). (continued to the next page) 
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gistration number 1506-093-681). 
RESULTS 


Clinical features 

A total of 17 patients were included in the study. The demogra- 
phic and clinical characteristics of the patients are shown in Ta- 
ble 1. The median incubation period was 7 days (range, 2 to 14 
days) and the median interval from symptom onset to isolation 
unit was 5 days (range, 2 to 11 days). 

The clinical symptoms during the first week of illness were 
fever (100%), cough (75%), malaise (75%), anorexia (70%), chill- 
ing (45%), diarrhea (33%), dyspnea (29%), nausea (20%), and 
sore throat (15%). Changes in frequency of these symptoms 
over time after illness onset are partly shown in Supplementary 
Fig. 1. The median time to defervescence was 18 days (Fig. 1A). 
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Dyspnea developed at the end of the first week, and became 
apparent in the second week. 

Nine patients (Patient A to I) needed oxygen supplement 
(Table 1). The median time from symptom onset to oxygen sup- 
plementation was 8 day of illness (range, 6 to 12 day of illness). 
The median time to hospital discharge was 21 day of illness (range, 
12 to 142 day of illness). 

Laboratory changes are shown in Fig. 1B to 1G and Supple- 
mentary Table 2. The severe group had higher neutrophil counts 
during week 1 than the mild group (4,500 vs. 2,200/1L, P = 0.026) 
(Fig. 1B). There was overall lymphopenia and it was marked (lym- 
phocyte counts less than 1,000/yL) from the mid-first week to 
the mid-third week (Fig. 1C). Platelet counts below 100,000/p1L 
rarely developed in both severe and mild groups, and there were 
no Clinically significant abnormalities in coagulation panel (pro- 
thrombin time and activated partial thromboplastin time) (Fig. 
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Fig. 1. (Continued) Serum albumin (E), prothrombin time (F), and serum creatinine (G). The severe cases were the patients who required oxygen supplementation or mechanical 
ventilation, whereas the mild cases were those who did not required oxygen supplementation. 
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1D and 1E). Hypoalbuminemia developed in second week es- 
pecially in severe group (Fig. 1F). The median lowest level of se- 
rum albumin was significantly low in severe group (2.1 g/dL in 
severe group and 3.4 g/dL in mild group, P = 0.001). Two pati- 
ents (Patient B and E) had elevated serum creatinine level. Pa- 
tient B had no underlying disease such as diabetes, hyperten- 
sion or chronic renal disease. He did not receive any nephro- 
toxic drugs. Patient E had metastatic bladder cancer and her re- 
nal failure was due to metastatic urinary obstruction. 


Cytokine profiles 

IFN-y, IL-10, IL-12p70, IL-12/1L-23p40, and IL-17 were not de- 
tected in our experiment setting in serum of any patient during 
the course of disease. IFN-$, TNF-a, TGF-B3, and IL-1o were 
detected in a few patients, but they did not show any significant 
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relationship with the clinical course or severity of illness. The 
serum levels of IFN-o increased during the course of disease in 
some of severe cases, but pegylated IFN-a2a was injected in six 
among nine severe cases. There was no apparent IFN-a response 
in the mild group except one patient who received IFN-a injec- 
tion (Fig. 2A). When comparing the peak viral load of MERS-CoV 
in sputum and the serum levels of cytokines or chemokines at 
the first week of illness, a significant correlation was observed 
for IFN-« (p = 0.983, P = 0.001) (Fig. 3A). 

The serum levels of IL-6 and CXCL-10 increased and usually 
peaked between 7 and 14 days (Fig. 2B and 2C). The peak of 
CXCL-10 was higher and more delayed by about one week in 
the severe group than in the mild group (Fig. 2C). In the second 
week of illness, the serum level of CXCL-10 was significantly 
higher in the severe group (median 2,642 pg/mL; range 859- 
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Fig. 2. Changes of the serum levels of cytokine and chemokine over time after symptom onset in the patient with MERS-CoV infection. IFN-c. (A), IL-6 (B), and CXCL-10 (€) in- 
creased during the course of disease, especially in the severe group. The following patients received pegylated IFN-a2a injection: Patient A (Day 5, 10, 17), Patient B (Day 11, 
18), Patient C (Day 6, 13), Patient D (Day 10, 17), Patient E (Day 12), Patient G (Day 8, 15), Patient K (Day 9), Patient P (Day 4), Patient Q (Day 2, 8). 
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Fig. 3. Correlation between serum cytokines and chemokine concentration at the first 
week of illness and the peak MERS-CoV viral load in respiratory specimens. Hollow cir- 
cles mean the values measured after the administration of pegylated IFN-a2a. Spear- 
man’s rank correlation coefficient was used to assess correlations. (A) IFN-a, p = 0.938, 
P= 0.001; (B) IL-6, p = -0.320, P= 0.440; (€) CXCL-10, p = 0.419, P= 0.301. 


3,884) than in the mild group (median 382 pg/mL; range 0-1,545, 
P< 0.001). The serum level of IL-6 was also significantly higher 
in the severe group (median 54 pg/mL; range 5-228) than in the 
mild group (median 3 pg/mL; range 0-44, P = 0.006) (Supple- 
mentary Fig. 3). 


DISCUSSION 


Our study presents the clinical progression and cytokine pro- 
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files of MERS-CoV infection. During the Korean outbreak of 
MERS-CoV, almost all close contacts were under active moni- 
toring and as soon as the PCR tests were MERS-CoV positive, 
they were admitted to the hospitals designated by the govern- 
ment. Therefore, we could identify the exact dates of exposure 
and symptom onset, and were able to conduct this prospective 
study. 

The clinical manifestations of MERS-CoV infection range 
from asymptomatic infection to fatal pneumonia (13). In this 
study, common presenting symptoms were fever, chills, and 
cough. Upper respiratory symptoms such as rhinorrhea and 
sore throat were rare. Previous studies reported that pneumo- 
nia progresses very rapidly, with a median time to the need for 
mechanical ventilation of 7 days (range, 3 to 11 days) (14,15). In 
this study, however, most patients had pneumonia in week 1, 
but their symptoms were not so severe that they did not feel 
they needed to stay at home (“walking pneumonia”). Dyspnea 
requiring oxygen supplementation and sudden progression of 
pneumonia usually developed during the second week. Similar 
to SARS (16), the median time from symptom onset to ventila- 
tor support was 11 days. Because of this clinical progression of 
initial mild symptoms followed by sudden clinical deterioration, 
patients with MERS-CoV infection may present at emergency 
room (ER). Therefore, ER department should prepare for the 
early detection and isolation of a possible MERS case with ap- 
propriate infection prevention and control methods. 

Common laboratory abnormalities were anemia, lymphope- 
nia, thrombocytopenia, and elevated alanine aminotransferase 
level. The laboratory changes were mild during the first week, 
which were not severe even in the patients with progressive pneu- 
monia. Prolongation of activated partial-prothrombin time rare- 
ly developed, even when pneumonia progressed to respiratory 
failure. Low albumin level was a predictor of severe pneumonia 
in MERS-CoV infection (17). We also noted that development 
and progression of pneumonia was associated with decrease in 
serum albumin level. 

Acute renal impairment was initially reported as a character- 
istic feature of MERS (1). Subsequent studies from Saudi Arabia 
reported almost half of the patients with MERS required renal 
replacement therapy (17-19). In this study, excluding Patient E 
who had metastatic bladder cancer with urinary obstruction, 
only one patient showed acute kidney injury. This striking dif- 
ference in the incidence of renal impairment is likely due to the 
low prevalence of underlying conditions such as chronic renal 
diseases, diabetes and hypertension in our population. 

Evasion from immune system in humans is critical for MERS- 
CoV to survive and replicate in the host. MERS-CoV is known 
to inhibit recognition, delay IFN induction, and sequester IFN 
stimulated gene production until after peak viral titers had been 
achieved (20). In a fatal MERS case, the patient could not in- 
duce the expression of key receptors, retinoic acid-inducible 
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gene 1 (RIG-1) and melanoma differentiation-associated pro- 
tein 5 (MDA-5) in response to MERS-CoV infection (21). This 
resulted in a decreased expression of IFN regulatory factor 3 
(IRF-3) and IRF-7 leading to a decreased expression of IFN-a. In 
our study, the serum levels of IFN-o in the severe MERS group 
was more frequently high than the mild group, even if we could 
not demonstrate any statistical significance. To the contrary, 
there was no apparent IFN-o response in the mild group (Fig. 
2A). The level of IFN-a was also correlated with the log value of 
maximal RNA copies (Fig. 3A). Taken together, IFN-o. seems to 
surge during the clinical course of MERS in patients having se- 
vere disease with high viral loads but not in patients having mild 
disease. The absence of INF-o surge in severe cases of disease 
was related to worse outcome in previous study (21), but we 
could not conclude the association of outcome with the serum 
level of IFN-o. due to a limited number of fatal cases. Moreover, 
it is possible that the levels of serum INF-a merely reflected the 
level of exogenously injected pegylated IFN-a2a in this study. 
Therefore, the results of levels of serum INF-a should be read 
cautiously. 

While IL-6 is one of the important proinflammatory cytokines 
having diverse biological activities in many clinical situations 
including respiratory viral infections, the change of serum IL-6 
level during MERS-CoV infection has not been clearly docu- 
mented yet. Increases in serum IL-6 during early phase of re- 
spiratory viral infections was revealed in human cases of severe 
seasonal influenza (22), pandemic 2009 A/H1N1 influenza pneu- 
monia (23), and fatal A/H7N9 avian influenza (8,24). In case of 
SARS-CoV infections, elevated levels of IL-6 subsequent to the 
peak viral replication were observed in all of 8 pneumonia cas- 
es included (13). IL-6 was induced in MERS-CoV-infected hu- 
man monocyte-derived macrophages (25) and was significant- 
ly upregulated in the lung lesions of the MERS-CoV-infected 
animals (26). In our study, overall IL-6 levels were not signifi- 
cantly higher in the severe MERS group than in the mild group. 
However, IL-6 levels in the severe MERS group were higher dur- 
ing the 2nd and the 3rd week after symptom onset with statisti- 
cal significance when we analyzed a temporal trend (Supple- 
mentary Fig. 2). 

CXCL-10, also known as IFN-y-inducible protein 10 (IP-10), 
is a chemoattractant which is expressed in inflammed bronchi- 
al epithelial cells in response to IFN-y. CXCL-10 seems to play 
an important role in severe respiratory viral illnesses. Uncon- 
trolled durable secretion of CXCL-10, after the first week follow- 
ing the onset of symptoms was associated with poor outcome 
in a severe MERS case (21). High serum level of CXCL-10 was 
also documented in other severe respiratory viral illnesses such 
as severe A/H7N9 avian influenza (24), A/H5N1 avian influen- 
za (7), severe seasonal influenza (22), and SARS (9). In this study 
the levels of serum CXCL-10 were significantly higher in the se- 
vere MERS group than in the mild group in the second and third 
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week of illness (Supplementary Fig. 2). During the clinical course, 
the serum levels of CXCL-10 and IL-6 showed a peak around 
second week after symptom onset in the severe group (Fig. 2C). 
This dynamic in proinflammatory cytokine response shows a 
good temporal correlation with chest infiltrates showing a peak 
at second weeks after symptom onset in severe MERS cases. 
Therefore, our study suggests that elevated levels of serum IL-6 
and CXCL-10 may be associated with the severity of pneumo- 
nia in MERS. 

This study has some limitations. Small numbers of patients 
were included and five patients had concurrent infectious dis- 
eases, which might affect the clinical course and laboratory fea- 
tures of MERS-CoV infection. Nine patients received pegylated 
INF-02a, which could affect serum level of INF-o. and other cy- 
tokine profiles through cytokine feedback cascades. However, 
in each group the IL-6 and CXCL-10 profiles were similar re- 
gardless of the administration of pegylated INF-a2a. Also subset 
analysis including the patients who did not received interferon 
therapy showed similar trends (Supplementary Fig. 4). In spite 
of these limitations, this study has strengths in that we collected 
clinical data and serum samples serially in prospective manner 
and diverse cytokine or chemokine levels were measured in this 
newly emerging disease. 

In conclusion, patients with MERS-CoV infection present with 
“walking pneumonia” during the first week of illness, which may 
deteriorate suddenly around day 7 of illness. The serum levels 
of IL-6 and CXCL-10 were significantly elevated in severe cases 
during the second week of illness. 
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